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ELLIPTICAL EXERCISE METHODS AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Disclosed herein 1s subject matter entitled to the earlier
filing date of U.S. Provisional Application No. 62/343,334,

filed May 31, 2016.

FIELD OF THE INVENTION

The present invention relates to exercise methods and
apparatus, and more specifically to exercise equipment hav-
ing a user supporting seat that moves through an elliptical
path of motion.

BACKGROUND OF THE INVENTION

Past eflorts have led to various inventions directed toward
exercise equipment. In one respect, the present mmvention

may be described 1n terms of improvements to the exercise
apparatus disclosed 1n U.S. Pat. No. 7,141,008 to Krull et al.

SUMMARY OF THE INVENTION

The present invention provides an exercise apparatus
having a stationary frame; a crank rotatably mounted on the
frame; and a user supporting seat. A linkage 1s intercon-
nected between the seat, the crank, and the frame to link
rotation of the crank to movement of the seat through at least
one elliptical path.

One aspect of the present mnvention mvolves configuring
the linkage 1n a manner that de-couples vertical travel of the
seat and horizontal travel of the seat. On certain embodi-
ments, vertical travel of the seat 1s determined/limited by an
ellective crank diameter defined by rotation of the crank, and
horizontal travel of the seat i1s determined/amplified by a
pivoting rocker link connected to the crank. For example,
the crank 1s linked to a first point on the rocker link, and the
seat 1s linked to a second point on the rocker link, which 1s
relatively further from the rocker link pivot axis. As a result,
the seat can be made to travel through an elliptical path
having a relatively long horizontal major axis and a rela-
tively short vertical minor axis. In addition, the major axis
can exceed the effective crank diameter defined by rotation
of the crank.

Another aspect of the present ivention 1s to adjust the
clliptical path through which the seat travels. For example,
one or more pivot points associated with the amplifying
rocker link may be adjusted along the rocker link to adjust
range of pivoting as a function of distance from the pivot
point for any given angular detlection.

Another aspect of the present imnvention 1s to connect left
and right handles to the linkage in a manner that links
movement of the handles to rotation of the crank. For
example, on certain embodiments, left and rnght handlebars
are pivotally mounted on the frame between the seat and the
crank. Adjustments to the handle travel and the seat travel
may be made contemporaneously and/or independently to
achieve various ratios between “stroke length” of the
handles and “stroke length” of the seat, as well as extreme
positions of the handles relative to extreme positions of the
seat.

Many features and/or advantages of the present invention
will become apparent from the more detailed description
that follows.
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BRIEF DESCRIPTION OF THE FIGURES OF
THE DRAWING

With reference to the Figures of the Drawing, wherein like
numerals represent like components throughout the several
VIEWS,

FIG. 1 1s a diagrammatic perspective view ol a first
exercise apparatus constructed according to the principles of
the present invention;

FIG. 2 1s a diagrammatic side view ol the exercise
apparatus of FIG. 1;

FIG. 3 1s a diagrammatic side view of a second exercise
apparatus constructed according to the principles of the
present 1nvention;

FIG. 4 1s a diagrammatic side view of a third exercise
apparatus constructed according to the principles of the
present 1nvention;

FIG. 5 1s a perspective view ol a component on the
exercise apparatus of FIG. 4; and

FIGS. 6a-6¢ are diagrammatic side views of adjustment
mechanisms suitable for use on any of the embodiments

shown 1n FIGS. 1-4.

(L.
=]

ERRED

DETAILED DESCRIPTION OF A PR
EMBODIMENT

Generally speaking, the subject invention may be
described 1n terms of improvements to the apparatus dis-
closed 1n U.S. Pat. No. 7,141,008 to Krull et al., which 1s
incorporated herein by reference. Recognizing that the sub-
ject mvention shares certain attributes with the apparatus
disclosed 1n the above-referenced patent, and that reference
may be made to the patent for better understanding of those
shared attributes, this description focuses primarily on dis-
tinctions and improvements.

FIGS. 1-2 show a first exercise apparatus 100 constructed
according to the principles of the present immvention. The
apparatus includes a frame 110, only a portion of which 1s
shown m FIGS. 1-2. The frame 110 includes a crank
supporting stanchion (shown) and leit and right base mem-
bers (not shown) rigidly secured to the stanchion and
extending the length of the apparatus 100 (left to right 1n
FIGS. 1-2). Transversely extending base members are pret-
erably rigidly interconnected between the longitudinal base
members to enhance structural integrity. Unless otherwise
stated, all structural components of the frame 110 are
preferably rigid steel tubes, and adjacent tubes are 1intercon-
nected by known means, including nuts and bolts and/or
welds. The frame 110 i1s configured to occupy a stable
position on top of an underlying tloor surface and to define
attachment points for various moving parts of the apparatus
100.

Left and right cranks 120 are rotatably mounted on the
frame 110 1n a manner known 1n the art to rotate together
about a crank axis C (and to define a gap therebetween).
Persons skilled in the art will recognize that a single crank
may be used 1n the alternative (by mounting crank support-
ing rollers about the periphery of the single crank). The
cranks 120 are shown as nigid steel discs, but may be
configured as rigid crank arms 1n the alternative. The cranks
120 are preferably connected to a conventional resistance
device 1n a manner known in the art.

A shatt 1s rigidly interconnected between the cranks at a
radial distance from the crank axis C, and the shaft extends
parallel to the crank axis C (and spans the gap between the
cranks). A crank roller 123 1s rotatably mounted on the shaft.
As further discussed below, left and right drawbars or
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drawbar links 170 have first ends and opposite, second ends,
and the first ends are rotatably mounted on respective ends
of the radially displaced shaft (with the roller 123 disposed
therebetween). Persons skilled in the art will recognize that
a single drawbar may be used 1n the alternative and/or that
the use of dual drawbars 170 may more evenly distribute
loads. In any event, several variations of this “crank roller
and drawbar” arrangement are disclosed in U.S. Pat. No.
5,893,820 to Maresh et al., which 1s incorporated herein by
reference. Persons skilled in the art will also recognize that
a “crank link and drawbar” arrangement may be used in lieu
ol the depicted arrangement to arrive at additional embodi-
ments of the subject invention. Several variations of this
“crank link and drawbar™ arrangement are disclosed i U.S.
Pat. No. 5,792,026 to Maresh et al., which 1s also 1ncorpo-
rated herein by reference.

A foot platform (not shown) 1s mounted on the frame 110
and preferably disposed above the cranks 120. An example
of a suitable foot platform 1s disclosed in the above-refer-
enced Krull patent. At an end of the frame 110 opposite the
cranks 120 (and the foot platform), a rocker link 140 has a
lower end pivotally connected to the frame 110 for pivoting
about a pi1vot axis P1. For example, 1n a manner known 1n
the art, bearings are disposed 1n left and right longitudinal
frame members to receive opposite ends of a transversely
extending shait on the lower end of the rocker link 140. An
opposite, upper end of the rocker link 140 1s “forked” and
pivotally connected to a rearward end of a beam 130,
thereby defining a pivot axis P2, which i1s constrained to
travel 1n an arc about the pivot axis P1. An opposite, forward
end of the beam 130 1s disposed on top of the roller 123,
thereby accommodating both rotation and translation of the
beam 130 relative to the roller 123 (as the cranks 120 rotate).

Various provisions may be made to encourage the beam
130 to remain 1n a desired relationship relative to the roller
123. For example, radially projecting tlanges or guides may
be provided on the ends of the roller 123 to encourage the
beam 130 to remain centered on the roller 123; and/or a bail
may be interconnected between the forward ends of the
drawbars 170 to straddle and overlie the forward end of the
beam 130; and/or the frame 110 may be configured to define
a slot forward of the cranks 120 to slidably receive and/or
retain the forward end of the beam 130; and/or a resilient
member, such as an elastic band, may be secured between
the frame 110 and the forward end of the beam 130.

A conventional seat 133 1s mounted on top of the beam
130 proximate the rearward end. The seat 133 is preferably
of a known type for rowing exercise apparatus, and 1is
preferably padded and upholstered. In a manner known in
the art (e.g. a fastener inserted through aligned holes), the
location of the seat 133 along the beam 1s preferably
adjustable to accommodate users of different sizes (relative
to the foot platform described above).

Between the cranks 120 and the rocker link 140, a rocker
link or handlebar 150 has a lower end pivotally connected to
the frame 110 for pivoting about a pivot axis P4. For
example, 1n a manner known 1n the art, bearings are disposed
in left and right longitudinal frame members to receive
opposite ends of a transversely extending shaft on the lower
end of the handlebar 150. An opposite, upper end of the
handlebar 150 1ncludes left and right hand grips or handles
151 and 152 that are sized and configured to be grasped 1n
a person’s respective left and right hands, and constrained to
pivot about the pivot axis P4. For illustration purposes the
handlebar 150 1s generally I-shaped, requiring a user’s legs
to “straddle” an intermediate portion of the handlebar 150.
On an alternative embodiment, the handlebar 1s configured
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4

as shown 1n the above-referenced Krull patent, so the user’s
legs can instead occupy a gap between leit and right portions
of the handlebar.

An intermediate portion of the handlebar 150 1s pivotally
connected to the second ends of the drawbars 170, thereby
defining a pivot axis P5. An intermediate portion of the
handlebar 150 1s also pivotally connected to the first ends of
relatively rearward drawbars 160, thereby defimng a pivot
axis P6. On the depicted embodiment 100, the pivot axes P5
and P6 are coaxial, but designated separately to emphasize
that they may be disposed a radial distance apart from one
another, as further discussed below. In any event, the pivot
axes PS5 and P6 are constrained to pivot about the pivot axis
P4.

Opposite, second ends of the rearward drawbars 160 are
pivotally connected to an intermediate portion of the rocker
link 140, thereby defining a pivot axis P3, which 1s con-
strained to pivot about the pivot axis P1. As noted above
with reference to the forward drawbars 170, persons skilled
in the art will recognize that a single rearward drawbar may
be used 1n the alternative and/or that the use of dual rearward
drawbars 160 may more evenly distribute loads.

The links 140, 150, 160, and 170 may be described
collectively as a linkage interconnected between the frame
110, the cranks 120, and the second end of the beam 130. All
of the links 1n this linkage assembly are preferably rigid steel
tubes, and all pivotal interconnections are made 1n a manner
known 1n the art, for example, using nuts, bolts, and bush-
ings. The linkage assembly links rotation of the cranks 120
to movement ol the seat 133 through an elliptical path
having a major axis that 1s greater than twice the radial
distance between the crank axis C and the interface between
the roller 123 and the beam 130 (1.e. the eflective crank

diameter), and a minor axis that 1s less than twice the
cllective crank diameter.

In operation, rotation of the cranks 120 1s directly linked
to up and down movement of the front end of the beam 130
(via the roller 123), and to back and forth pivoting of the
handlebar 150 (via drawbars 170). The hand grips 151 and
152 pivot through a greater arc length than the pivot point P5
(for any given angular displacement range), and thus, pivot
through an arc greater in length than the effective crank
diameter. Back and forth pivoting of the handlebar 150 1s
directly linked to back and forth pivoting of the rocker link
140 (via drawbars 160), which in turn, causes back and forth
movement of the rear end of the beam 130. The combination
ol the back and forth movement of the rear end of the beam
130 and the up and down movement of the front end of the
beam 130 causes intermediate portions of the beam 130, as
well as the seat 133, to move through respective elliptical
paths. The up and down movement 1s limited by the effective
crank diameter, but the back and forth movement 1s not,
because the pivot point P2 pivots through a greater arc
length than the pivot point P3 (for any given angular
displacement range). One advantage of this “de-coupled”
crank roller and drawbar approach 1s that a relatively long
and low profile elliptical path may be generated on a relative
short frame.

Another advantage 1s that the “stroke lengths” for the
hand grips 151 and 152 and/or the seat 133 may be readily
adjusted. For example, the stroke lengths for both the hand
orips 151 and 152 and the seat 133 may be increased by
moving the pivot poimnt P35 closer to the pivot axis P4.
Conversely, the stroke lengths for both the hand grips 151
and 152 and the seat 133 may be decreased by moving the
pivot point P5 further from the pivot axis P4. In addition, the
stroke length for the seat 133 can be independently increased
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by moving the pivot point P6 further from the pivot axis P4
and/or by moving the pivot point P3 closer to the p1vot point
P1, and the stroke length for the seat 133 can be indepen-
dently decreased by moving the pivot point P6 closer to the
pivot axis P4 and/or by moving the pivot point P3 further
from the pivot point P1. As a result, the apparatus 100 can
be tuned to produce different handle paths and/or seat paths.
In addition, the lengths and/or shapes of the linkage com-
ponents and/or the locations of the pivot points P1 and P4
can be adjusted to further “tune” the handle paths and/or the
seat paths, depending on design parameters such as stroke
length, stroke orientation, handle stroke relative to seat
stroke, and others.

Various mechanisms/means may be used to adjust the

locations of the pivot points P3, P5, and/or P6 along respec-
tive links 140 and 150. For example, FIG. 6a shows a

bracket 190 slidably mounted on a handlebar link 150a,
which 1s 1dentical to the handlebar link 150 except for the
addition of a linear array of equally spaced holes 1535
extending through the link 150a. The bracket 190 includes
a first steel tube that sleeves onto the link 1504, and a second
steel tube that 1s welded 1n place adjacent to the first steel
tube. A shoulder bolt (not shown) 1s inserted through aligned
holes 1n the drawbars 160 and 170 and the second tube and
threaded into a nut to define the pivot axes P3 and P6. In a
manner known 1n the art, a conventional fastener 195 1is
inserted through holes 1n the bracket 190 and aligned holes
155 1n the link 1504 to secure the bracket 190 1n place along
the link 150a.

FIG. 65 shows a second pivot adjustment mechanism/
means, including a bracket 191 that 1s slidably mounted on
a handlebar link 15054, which 1s identical to the handlebar
link 150 except for adaptations made to accommodate
mounting of a stepper motor 192. The bracket 191 includes
a first steel tube that sleeves onto the link 15054, and a second
steel tube that 1s welded 1n place adjacent to the first steel
tube. A shoulder bolt (not shown) 1s inserted through aligned
holes 1n the drawbars 160 and 170 and the second tube, and
threaded into a nut to define the pivot axes P3 and P6. In a
manner known 1n the art, a lead screw 193 1s operatively
interconnected between the stepper motor 192 and the
bracket 191 to move the bracket 191 1n a first direction along
the link 15056 1n response to operation of the motor 192 in a
first direction, and alternatively, to move the bracket 191 1n
an opposite, second direction along the link 1506 1n response
to operation of the motor 192 in an opposite, second
direction. In a manner known in the art, the motor 192
operates 1n response to a control signal that may be gener-
ated by a control program and/or by user input via one or
more 1mput devices, such as buttons on the apparatus 100
and/or a cell phone, for example.

FIG. 6¢ shows a third pivot adjustment mechanism/

means, including two brackets 194 that are slidably mounted
on a handlebar link 150¢, which 1s 1dentical to the handlebar

link 150a. Each bracket 194 includes a first steel tube that
sleeves onto the link 150¢, and a second steel tube that 1s
welded 1n place adjacent to the first steel tube. A first
shoulder bolt (not shown) 1s mserted through aligned holes
in the drawbars 160 and the second tube and threaded mto
a nut to define the pivot axis P5. Similarly, a second shoulder
bolt (not shown) 1s inserted through aligned holes 1n the
drawbars 170 and the second tube and threaded into a nut to
define the pivot axis P6. In a manner known 1n the art,
conventional fasteners 1935 are inserted through holes 1n
respective brackets 194 and aligned holes 1535 1n the link
150c¢ to separately secure each bracket 194 1n place along the

link 150c.
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FIG. 3 shows a second exercise apparatus 200 constructed
according to the principles of the present invention. The
apparatus includes a frame 210, only a portion of which 1s
shown 1n FIG. 3. The frame 210 includes a crank supporting
stanchion (shown) and left and right base members (not
shown) rigidly secured to the stanchion and extending the
length of the apparatus 200 (left to night in FIG. 3). Trans-
versely extending base members are preferably rigidly inter-
connected between the longitudinal base members to
enhance structural integrity. Unless otherwise stated, all
structural components of the frame 210 are preferably ngid
steel tubes, and adjacent tubes are interconnected by known
means, including nuts and bolts and/or welds.

As on the first embodiment 100, left and right cranks 120
are rotatably mounted on the frame 210, 1n a manner known
in the art, to rotate together about a crank axis C; a shaft 1s
rigidly interconnected between the cranks at a radial dis-
tance from the crank axis C, and the shaft extends parallel
to the crank axis C; a crank roller 123 1s rotatably mounted
on the shaft; left and right drawbars or drawbar links 270
have first ends and opposite, second ends, and the first ends
are rotatably mounted on respective ends of the radially
displaced shatt (with the roller 123 disposed therebetween);
a foot platform (not shown) 1s mounted on the frame 210 and
preferably disposed above the cranks 120; at an end of the
frame 210 opposite the cranks 120, a rocker link 240 has a
lower end pivotally connected to the frame 210 for pivoting
about a pivot axis (Q1; an opposite, upper end of the rocker
link 240 1s “forked” and pivotally connected to a rearward
end of a beam 230, thereby defining a pivot axis Q2, which
1s constrained to travel in an arc about the pivot axis Q1; an
opposite, forward end of the beam 230 1s disposed on top of
the roller 123, thereby accommodating both rotation and
translation of the beam 230 relative to the roller 123; and a
conventional seat 133 1s mounted on top of the beam 130
proximate the rearward end.

Between the cranks 120 and the rocker link 240, a rocker
link or handlebar 250 has a lower end pivotally connected to
the frame 210 for pivoting about a pivot axis Q4. For
example, 1n a manner known 1n the art, bearings are disposed
in left and rnight longitudinal frame members to receive
opposite ends of a transversely extending shaft on the lower
end of the handlebar 250. An opposite, upper end of the
handlebar 250 includes lett and right hand grips or handles
that are sized and configured to be grasped in a person’s
respective left and right hands, and are constrained to pivot
about the pivot axis Q4. The left handle 1s designated as 251
in F1G. 3, and the right handle 1s a mirror 1image thereof. The
“upper half” of the handlebar 250 1s preferably configured as
shown 1n the above-referenced Krull patent, to accommo-
date the user’s legs 1n a gap between leit and right portions
of the handlebar 250.

An intermediate portion of the handlebar 250 1s pivotally
connected to the first end of a single drawbar 260, thereby
defining a pivot axis Q8, which 1s constrained to pivot about
the pivot axis Q4. An opposite, second end of the drawbar
260 1s pivotally connected to an intermediate portion of the
rocker link 240, thereby defining a pivot axis Q3. This single
drawbar 260 is straddled by and centered relative to the links
240 and 250 to evenly distribute loads. The second ends of
the drawbars 170 are pivotally connected to the rocker link
240, thereby defining a pivot axis Q7. Both pivot axes Q7
and Q3 are constrained to pivot about the pivot axis Q1.
The links 240, 250, 260, and 270 may be described
collectively as a linkage interconnected between the frame
210, the cranks 120, and the second end of the beam 230. All

of the links 1n this linkage assembly are preferably rigid steel
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tubes, and all pivotal interconnections are made 1n a manner
known 1n the art, for example, using nuts, bolts, and bush-
ings. The linkage assembly components 240 and 270 link
rotation of the cranks 120 to movement of the seat 133
through an elliptical path having a major axis that 1s greater
than twice the radial distance between the crank axis C and
the interface between the roller 123 and the beam (the
ellective crank diameter), and a minor axis that 1s less than
twice the eflective crank diameter, and cooperate with the
linkage assembly components 250 and 260 to link rotation
of the cranks 120 to movement of the hand grips (e.g. 251)
through arcuate paths longer than twice the effective crank
diameter.

In operation, rotation of the cranks 120 1s directly linked
to up and down movement of the front end of the beam 230
(via the roller 123), and to back and forth pivoting of the
rocker link 240 (via drawbars 270). Back and forth pivoting
of the rocker link 240 1s directly linked to back and forth
movement of the rear end of the beam 230, which cooperates
with the up and down movement of the front end of the beam
230 to cause mtermediate portions of the beam 230, as well
as the seat 133, to move through respective elliptical paths.
The up and down movement 1s limited by the effective crank
diameter, but the back and forth movement 1s not, because
the pivot point Q2 pivots through a greater arc length than
the pivot pomnt Q7 (for any given angular displacement
range). One advantage of this “de-coupled” crank roller and
drawbar approach 1s that a relatively long and low profile

clliptical path may be generated on a relative short frame.
Back and forth pivoting of the rocker link 240 1s also directly
linked to back and forth pivoting of the handlebar 250 (via
drawbars 260). The hand grips 151 and 152 pivot through a
greater arc length than the pivot point Q8 (for any given
angular displacement range).

As on the first apparatus 100, the “stroke lengths™ for the
hand grips (e.g. 251) and/or the seat 133 on the second
apparatus 200 may be readily adjusted. For example, the
stroke lengths for both the hand grips (e.g. 251) and the seat
133 may be increased by moving the pivot point Q7 closer
to the pivot axis Q1. Conversely, the stroke lengths for both
the hand grips (e.g. 251) and the seat 133 may be decreased
by moving the pivot point Q7 further from the pivot axis Q1.
In addition, the stroke length for the hand grips (e.g. 251)
can be mdependently increased by moving the pivot point
Q3 further from the pivot axis Q1 and/or by moving the
pivot point Q8 closer to the pivot point Q4, and the stroke
length for the hand grips (e.g. 251) can be independently
decreased by moving the pivot point Q3 closer to the pivot
axis Q1 and/or by moving the pivot point Q8 further from
the pivot point Q4. For example, as noted above with
reference to the first apparatus 100, the adjustment mecha-
nisms/means shown in FIGS. 6a-6¢c may be used to adjust
the locations of one or more pivot axes on the second
apparatus 200. As a result, the apparatus 200 can be tuned to
produce diflerent handle paths and/or seat paths. In addition,
the lengths and/or shapes of the linkage components and/or
the locations of the pivot points Q1 and Q4 can be adjusted
to further “tune” the handle paths and/or the seat paths,
depending on design parameters such as stroke length,
stroke orientation, handle stroke relative to seat stroke, and
others.

FIG. 4 shows a third exercise apparatus 300 constructed
according to the principles of the present invention. The
apparatus includes a frame 310, only a portion of which 1s
shown 1n FIG. 4. The frame 310 includes a crank supporting
stanchion (shown) and left and right base members (not
shown) rigidly secured to the stanchion and extending the
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length of the apparatus 300 (left to right 1n FIG. 4). Trans-
versely extending base members are preferably rigidly inter-
connected between the longitudinal base members to
enhance structural integrity. Unless otherwise stated, all
structural components of the frame 310 are preferably ngid
steel tubes, and adjacent tubes are interconnected by known
means, including nuts and bolts and/or welds.

As on the first embodiment 100, left and right cranks 120
are rotatably mounted on the frame 310, 1n a manner known
in the art, to rotate together about a crank axis C; a shatt 1s
rigidly interconnected between the cranks at a radial dis-
tance from the crank axis C, and the shaft extends parallel
to the crank axis C; a crank roller 123 1s rotatably mounted
on the shaft; left and rnight drawbars or drawbar links 370
have first ends and opposite, second ends, and the first ends
are rotatably mounted on respective ends of the radially
displaced shatt (with the roller 123 disposed therebetween);
a foot platform (not shown) 1s mounted on the frame 310 and
preferably disposed above the cranks 120; at an end of the
frame 310 opposite the cranks 120, a rocker link 340 has a
lower end pivotally connected to the frame 310 for pivoting
about a pivot axis R1; an opposite, upper end of the rocker
link 340 15 “forked” and pivotally connected to a rearward
end of a beam 330, thereby defining a pivot axis R2, which
1s constrained to travel 1n an arc about the pivot axis R1; an
opposite, forward end of the beam 330 1s disposed on top of
the roller 123, thereby accommodating both rotation and
translation of the beam 330 relative to the roller 123; and a
conventional seat 133 1s mounted on top of the beam 330
proximate the rearward end.

As on the second apparatus 200, the second ends of the
drawbar links 370 are pivotally connected to the rocker link
340, thereby defining a pivot axis R7, which 1s constrained
to pivot about the pivot axis R1. Leit and right rollers 375
are rotatably mounted on intermediate portions of respective
drawbar links 370 for reasons discussed below.

Between the cranks 120 and the rocker link 340, a rocker
link or handlebar 350 has a lower end pivotally connected to
the frame 310 for pivoting about a pivot axis R4. For
example, 1n a manner known 1n the art, bearings are disposed
in left and rnight longitudinal frame members to receive
opposite ends of a transversely extending shaft on the lower
end of the handlebar 350. An opposite, upper end of the
handlebar 350 includes lett and right hand grips or handles
that are sized and configured to be grasped in a person’s
respective left and right hands, and constrained to pivot
about the pivot axis R4. The left handle 1s designated as 351
in F1G. 4, and the right handle 1s a mirror 1image thereof. The
“upper half” of the handlebar 350 1s configured as shown 1n
the above-referenced Krull patent, to accommodate the

user’s legs 1n a gap between left and right portions of the
handlebar.

The “lower half” of the handlebar 350 includes a rigid
bracket 357 that defines left and right bearing surfaces or
races 358 and 359 that face in opposite, forward and
rearward direction (see FIG. 5). The left roller 375 bears
against the left race 358, and the rnight roller 375 bears
against the rnight race 359. As a result, the rollers 375 roll
along respective races 358 and 359 and transfer pushing and

pulling forces between the drawbar links 370 and the
handlebar 3350.

The links 340, 350, and 370 may be described collectively
as a linkage interconnected between the frame 310, the
cranks 120, and the second end of the beam 330. All of the
links 1n this linkage assembly are preferably nigid steel
tubes, and all pivotal interconnections are made 1n a manner
known 1n the art, for example, using nuts, bolts, and bush-
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ings. The linkage assembly components 340 and 370 link
rotation of the cranks 120 to movement of the seat 133
through an elliptical path having a major axis that 1s greater
than twice the radial distance between the crank axis C and
the interface between the roller 123 and the beam 130 (the
cllective crank diameter), and a minor axis that 1s less than
twice the eflective crank diameter, and cooperate with the
linkage assembly component 350 to link rotation of the
cranks 120 to movement of the hand grips (e.g. 351) through
arcuate paths longer than twice the eflective crank diameter.

In operation, rotation of the cranks 120 1s directly linked
to up and down movement of the front end of the beam 330
(via the roller 123), and to back and forth pivoting of the
rocker link 340 (via drawbars 370). Back and forth pivoting
of the rocker link 340 1s directly linked to back and forth
movement of the rear end of the beam 330, which cooperates
with up and down movement of the front end of the beam
330 to cause mtermediate portions of the beam 330, as well
as the seat 133, to move through respective elliptical paths.
The up and down movement 1s limited by the effective crank
diameter, but the back and forth movement 1s not, because
the pivot point R2 pivots through a greater arc length than
the pivot point R7 (for any given angular displacement
range). One advantage of this “de-coupled” crank roller and
drawbar approach is that a relatively long and low profile
elliptical path may be generated on a relative short frame

Back and forth movement of the drawbar links 370 1s also
directly linked to back and forth pivoting of the handlebar
350 (viarollers 375). The hand grips (e.g. 351) pivot through
a greater arc length than the races 358 and 359 (for any given
angular displacement range).

As on the first apparatus 100, the “stroke lengths™ for the
hand grips (e.g. 351) and/or the seat 133 on the third
apparatus 300 may be readily adjusted. For example, the
stroke lengths for both the hand grips (e.g. 351) and the seat
133 may be increased by moving the pivot point R7 closer
to the pivot axis R1. Conversely, the stroke lengths for both
the hand grips (e.g. 351) and the seat 133 may be decreased
by moving the pivot point R7 further from the pivot axis R1.
For example, as noted above with reference to the first
apparatus 100, the adjustment mechanisms/means shown 1n
FIGS. 6a-6¢ may be used to adjust the location of the pivot
axis R7 along the rocker link 340. As a result, the apparatus
300 can be tuned to produce different handle paths and/or
seat paths. In addition, the lengths and/or shapes of the
linkage components and/or the locations of the pivot points
R1 and R4 can be adjusted to further “tune” the handle paths
and/or the seat paths, depending on design parameters such
as stroke length, stroke orientation, handle stroke relative to
seat stroke, and others.

The present invention may also be described in terms of
vartous methods with reference to the embodiments dis-
cussed above. For example, one such method may be
described as facilitating a rowing-type exercise 100 with a
seat 133 that moves through an elliptical path of motion that
1s selectively adjustable, comprising the steps of: providing
an exercise apparatus 100 having a frame 110 configured to
rest on a floor surface; a crank 120 rotatably mounted on the
frame 110 for rotation about a crank axis C; and a linkage
assembly interconnected between the frame 110 and the
crank 120, the linkage assembly including a rocker link 140
pivotally mounted on the frame 140 for pivoting about a
pivot axis P1, a seat supporting member 130 movably
interconnected between the crank 120 and the rocker link
150, a seat 130 disposed on top of the seat supporting
member 130, and at least one drawbar link 160, 170 inter-
connected between the crank 120 and the rocker link 140 1n
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a manner that links rotation of the crank 120 to movement
of the seat 133 through an elliptical path having a major axis
that 1s amplified to exceed an eflective crank diameter
defined by the crank 120; and repositioning one component
160, 170 of said at least one drawbar link relative to the
rocker link to alter the elliptical path.

The present invention has been described with reference
to particular embodiments and specific applications. How-
ever, this disclosure will enable persons skilled 1n the art to
derive additional modifications, 1mprovements, and/or
applications that nonetheless embody the essence of the
invention. For example, persons skilled in the art will
recognize that features of the many embodiments shown
and/or described herein (and/or obvious substitutions there-
for) may be mterchanged with features on other embodi-
ments, as well as mixed and matched 1n various combina-
tions, to arrive at still more embodiments of the present
invention. In addition, other linking means/assemblies (in
addition to those described above and shown 1n the accom-
panying drawings) may be used to de-couple the seat travel
relative to the eflective crank diameter. For example, the seat
supporting beam may be pivotally interconnected between
the crank and the rear rocker link, and the seat may be
movably mounted on the beam, and a drawbar may be
pivotally interconnected between the rear rocker link and the
seat to drive the seat back and forth relative to the beam as
the crank cooperates with the rear rocker link to drive the
beam through an elliptical path. Some vaniations of this
de-coupling arrangement or means are disclosed 1n U.S. Pat.
No. 6,629,909 to Stearns et al, which 1s incorporated herein
by reference. In view of the foregoing, the scope of the
present mvention 1s to be limited only to the extent of the
following claims.

The mvention claimed 1s:

1. An exercise apparatus, comprising;:

a frame configured to rest on a floor surface;

a crank rotatably mounted on the frame for rotation about

a crank axis:

a beam having a first end and an opposite, second end,
wherein the first end 1s movably supported by the crank
at a radial distance from the crank axis and 1n a manner
that accommodates both rotation and translation ther-
ebetween;

a seat disposed on top of the beam; and

a linkage assembly interconnected between the frame, the
crank, and the second end of the beam 1n a manner that
links rotation of the crank to movement of the seat
through an elliptical path having a major axis that 1s
greater than twice the radial distance and a minor axis
that 1s less than twice the radial distance.

2. The exercise apparatus of claim 1, wherein the linkage
assembly includes a handlebar link having a pivot end and
an opposite, handle end, wherein the pivot end 1s pivotally
mounted on the frame, and the linkage assembly links
rotation of the crank to movement of the handle end through
an arcuate path that 1s greater 1n length than twice the radial
distance.

3. The exercise apparatus of claim 1, wherein the linkage
assembly includes a rocker link having a pivot end and an
opposite, distal end, and the pivot end 1s pivotally mounted
on the frame, and the distal end 1s pivotally connected to the
second end of the beam.

4. The exercise apparatus of claim 3, wherein the linkage
assembly further includes at least one drawbar operatively
interconnected between the crank and the rocker link.

5. The exercise apparatus of claim 4, wherein the at least
one drawbar includes a rigid member having a first end and
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an opposite, second end, and the first end of the rigid
member 1s pivotally connected to the crank, and the second
end of the rigid member 1s pivotally connected to the rocker
link.

6. The exercise apparatus of claim 3, wherein the second
end of the ngid member 1s selectively movable along the
rocker link to adjust range of motion of the seat relative to
the frame.

7. The exercise apparatus of claim 35, wherein the linkage
assembly 1ncludes a handlebar link having a pivot end and
an opposite, handle end, wherein the pivot end of the
handlebar link 1s pivotally mounted on the frame, and an
intermediate portion of the rigid member 1s movably con-
nected to an intermediate portion of the handlebar link 1n a
manner that accommodates both rotation and translation
therebetween.

8. The exercise apparatus of claim 7, wherein the second
end of the ngid member 1s selectively movable along the
rocker link to contemporaneously adjust both range of
motion of the seat relative to the frame and range of motion
of the handle end of the handlebar link relative to the frame.

9. The exercise apparatus of claim 5, wherein the linkage
assembly includes a handlebar link having a pivot end and
an opposite, handle end, wherein the pivot end of the
handlebar link 1s pivotally mounted on the frame, and the
linkage assembly further includes a second rigid member
having a first end pivotally connected to the rocker link for
pivoting about a first pivot axis, and an opposite, second end
pivotally connected to an intermediate portion of the handle-
bar link for pivoting about a second pivot axis.

10. The exercise apparatus of claim 9, wherein the second
end of the first said rigid member 1s selectively movable
along the rocker link to contemporancously adjust both
range of motion of the seat relative to the frame and range
ol motion of the handle end of the handlebar link relative to
the frame.

11. The exercise apparatus of claim 9, wherein at least one
said pivot axis 1s selectively movable along a respective
portion of the linkage assembly to adjust range of motion of
the handle end of the handlebar link relative to the frame.

12. The exercise apparatus of claim 4, wherein the linkage
assembly includes a handlebar link having a pivot end and
an opposite, handle end, wherein the pivot end of the
handlebar link 1s pivotally mounted on the frame, and the at
least one drawbar 1includes (a) a first rigid member having a
first end rotatably connected to the crank, and an opposite,
second end rotatably connected to an intermediate portion of
the handlebar link; and (b) a second rigid member having a
first end rotatably connected to an intermediate portion of
the handlebar link; and an opposite, second end rotatably
connected to the rocker link.

13. The exercise apparatus of claim 12, wherein the
second end of the first rngid member 15 selectively movable
along the handlebar link to contemporaneously adjust both
range of motion of the seat relative to the frame and range
of motion of the handle end of the handlebar link relative to
the frame.

14. The exercise apparatus of claim 12, wherein the first
end of the second rigid member 1s selectively movable along
the handlebar link to contemporaneously adjust range of
motion of the seat relative to the frame.

15. The exercise apparatus of claim 12, wherein the
second end of the second rigid member 1s selectively mov-
able along the rocker link to adjust range of motion of the
seat relative to the frame.
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16. The exercise apparatus of claim 2, further comprising
adjusting means for contemporaneously adjusting both
range of motion for the elliptical path and range of motion
for the arcuate path.

17. A method of facilitating a rowing-type exercise with
a seat that moves through an elliptical path of motion that 1s

selectively adjustable, comprising the steps of:

providing an exercise apparatus having a frame config-
ured to rest on a floor surface; a crank rotatably
mounted on the frame for rotation about a crank axis;:
a beam having a first end and an opposite, second end,
wherein the first end 1s movably supported by the crank
at a radial distance from the crank axis and 1n a manner
that accommodates both rotation and translation ther-
cbetween; a seat disposed on top of the beam; and a
linkage assembly, including a first link and a second
link, interconnected between the frame, the crank, and
the second end of the beam 1n a manner that links
rotation of the crank to movement of the seat through
an elliptical path having a major axis that 1s amplified
to exceed an effective crank diameter defined by the
crank; and

repositioning the first link relative to the second link to
alter the elliptical path.

18. An exercise apparatus, comprising:

a frame configured to rest on a floor surface;

a crank rotatably mounted on the frame for rotation about
a crank axis;

a rocker link pivotally mounted on the frame for pivoting
about a p1vot axis;

a seat beam having a first end and an opposite, second
end, wherein the first end 1s movably supported by the
crank at a radial distance from the crank axis and 1n a
manner that accommodates both rotation and transla-
tion therebetween, and the second end 1s pivotally
connected to the rocker link at a first pivot distance
from the pivot axis;

a seat disposed on top of the beam; and

at least one drawbar link having a forwardmost end
rotatably connected to the crank, and an opposite,
rearwardmost end pivotally connected to the rocker
link at a second pivot distance from the pivot axis,
wherein the second pivot distance 1s less than the first
pivot distance, and the seat 1s thereby constrained to
move through an elliptical path having a major axis that
1s amplified to exceed an effective crank diameter
defined by rotation of the crank.

19. The exercise apparatus of claim 18, further compris-
ing an adjustment bracket that i1s selectively repositioned
along the rocker link, wherein the rearwardmost end 1is
pivotally connected to the bracket.

20. The exercise apparatus of claim 18, further compris-
ing a handlebar link pivotally mounted on the frame for
pivoting about a handle axis, and a connector link pivotally
interconnected between the handlebar link and the rocker
link.

21. The exercise apparatus of claim 18, further compris-
ing a handlebar link pivotally mounted on the frame for
pivoting about a handle axis, and first and second rollers
rotatably mounted on said at least one drawbar link and

bearing against opposite facing surfaces on the handlebar
link.
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